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Abstract 
The diagnostics of polymer films suitability for information recording by thermal printing was carried out. The specific fibrillar 
structure of commercially available polyethylene films, which have high sensitivity to a fast recrystallization of some parts of 
surface fibrils during short-term heating at a lower temperature than the melting temperature of polyethylene crystalline grains, 
was found.  Views and dimensions surface layers nanostructured elements as probable reasons of thermal printing contrast were 
estimated. The temperature effect on optical parameters of films was defined. 
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1. Introduction  
Conventional thermal printing methods are based on irreversible thermochromic changes of organic and inorganic 
matters covered papers or other printed materials [1]. Thermochromic effects can be caused due to mechanical action 
or heating by elements of printing plate on encapsulated inks. 
A qualitatively new way of thermal printing was offered in [2].  A printed material is a glassy amorphous or 
crystal-amorphous polymer film, modified by drafting in non-thermochromic dye solution. Due to nano- and 
microstructure light diffusion, the film has low colour. By the action of pressure and local heating light diffusion, 
nano- and micropores are melted therefore the dye provides printing contrast [3]. 
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The analogue effect can be achieved using polypropylene films without dyes [4]. According to the described 
method, for information recording anisotropic hard elastic polypropylene films with nanoscale porous structure are 
used.  After heating at near melting polymer temperature, information, which is recorded on a film, can be repeatable 
read by elastic stretching. But it is impossible to apply this way to form of packing hidden marking due to brittleness 
and significant hardness of films. 
The temperature-dependent pleochroism (polychroism) effects are offered for marking of polyethylene flexible 
packing [5]. However, thermal printing contrast can not be achieved for all kind of polyethylene. The special surface 
structure is needed for intense colouring in polarized light [5]. 
The research purpose is diagnostics of polymer films surface by scanning electron microscopy (SEM) to choose 
and / or produce materials with managed properties for information recording using thermal printing. 
2. Objects and research methods 
Industrial high-pressure polyethylene films Microthene Cr 89002 (PE-1) (50±2 μm, Mw=2х105, 30-33% 
crystalline, melt Index=1.5 G/10 min) and Petrothene Na 596 (PE-2) (50±2 μm, Mw=2.5х105, 35-37% crystalline, 
melt Index = 1.45 G/10 min from the Neat US Industrial Chemical Company were used. 
 The films thermal treatment was carried out by heating in a free state between polytetraflourethylene films inside 
the thermostat of the chromatograph Colour-800 on atmosphere at 80±0.1˚С during 10 min.  Colourimetric 
measurements were carried out by spectrophotometers X-Rite SpectroEye with software GretagMacbeth KeyWizard 
V2.5 and SF-2000 in transmission mode using light source D65. Thermophysical characteristics were defined by 
differential scanning spectroscopy (DSS) DSK 204 F1 (NETZSCH) in argon atmosphere at heating and cooling at 
10 ˚С/min speed rate. The films surface was observed using field emission scanning electron microscope JSM 
7500F (Jeol) in secondary electron detection mode at acceleration voltage1kV. Samples were Pt coated  (about 10 
nm thickness) in argon atmosphere to avoid surface charging and destruction under electron beam using magnetrom 
type AutoFine Coater JFC-1600 (Jeol). The spatial resolution was at least 1.4 nm. 
3. Results and discussion 
As shown in [3, 5-8, 15] some high-pressure polyethylene films (HPPE) are able to gain on colour in polarized 
light. After thermal treatment, colour changes spectral characteristic or disappear. To control colour changing, 
comparative analysis of colour difference values ΔE, which is determined in polarized light transmission mode by 
methods described in [7], can be used. 
Fig. 1 shows the results of calculating colour difference values of both PE-1 and PE-2 films. 
The PE-1, which is transparent in general, becomes blue in a polarized light (colour coordinates are 
L1.94/a20.45/b-34.27 in La*b* colour space). During film heating ΔE values calculated in relation to colour of 
initial film increased (Fig.1, curve PE-1).  The colour of the grey PE-2 film at initial state (colour coordinates are 
L48.16/a0.88/b6.3) does not chang after heating (Fig.1, curve PE-2). So, the second film can not be used for thermal 
printing.  
The described method of colour changing control after a thermal treatment presupposes a lot of experiments for 
each film without understanding of qualitative signature of appearing, disappearing or changing of film colour in 
polarized light. To find this characteristic, thermophysical characteristics of films before and after thermal treatment 
using DSS were found out. 
As a rule [8-10], the bakeout (annealing) of crystal-amorphous polymer films at a constant temperature leads to 
occuring an additional peak on a melting endotherm (it means the polymer is recrystallized) or changing of the curve 
form at some temperature area below the melting temperature of the main part of crystals. 
As defined in [11], crystal-amorphous polymers are heterogeneous metastable fluids with immanent inner tension 
due to extra Gibbs energy of pass-through chains, which restrain microvolumes with 3D-order in unit cell to 3D 
thermotropic lattice.  
 Under such definition of phase state of crystal-amorphous polymers it is clear that if this lattice is full-bodied, a 
crystal destruction will be a thermomechical process, not only thermal ones. During films heating crystals will 
disappear at a less temperature if they bond with large pass-through chains quantity. Primary crystals, which formed 
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at an association of longer folded fragments of minimum quantity of kinetic free macromolecules (not bonded with 
other crystals), must have maximum stability.   
 
Fig. 1. Curves of colour difference of PE-1 and PE-2 films 
 
Fig. 2. DSS-curves of PE-1 before (up) and after (down) bakeout 
 
The simultaneous forming of crystal fractions with different melting temperatures means the presence of 
discontinuous distribution of pass-through chains throughout length and/ or amount in hot melt volume unit. For 
HPPE sample described in [12], such discontinuous distribution of pass-through chains lasts until ~80 ±5°С. 
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There are experimental data of linear dependence of polyethylene lamellar crystals melting temperature from 
lamellae thicknesses. Thicknesses of lamellae defined from this dependence are the same ones (in order), and are 
calculated from kinetic of nucleation and crystallization [13].   
According to the melting diagrams (Fig.2), 21% of whole thermal energy is absorbed at the first melting cycle in 
temperature interval from start of endothermal process to 80 °С. After thermal treatment of samples this part is only 
17%. It means that the fibrillar structure of films (see below) is non-equilibrium [14]. 
So, the DSS-analysis of films is not suitable for detecting of correlation etween a film colour in polarized light 
and polyethylene re-crystallization processes at temperature interval below melting temperature of polyethylene. 
Fig. 3. SEM-images of PE-1 (а, e) and PE-2 (b, c, d, f) films before (a, b, c) and after (d, е, f) bakeout . 
The arrow shows the extrusion direction. 
 
Therefore, SEM was used to find qualitative difference between films. It was found that surface structure of 
initial PE-1 is clearly defined fibrillar (Fig.3a). 
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The fibril thickness is 10±3 nm, a specific orientation was not found. At the same time surface structure of PE-2 
film has lamellar areas (Fig. 3b). The separate lamellae dimensions varied from 0.1 to 1 Pm and about 10 Pm at 
another coordinate, their thickness can estimate as 10-20 nm. According to the fetch results, the square, which 
covered such areas, is about 50-60% from total area. The structure of the areas between and under lamellae can be 
described as washed out, waved and oriented in extrusion direction structure (Fig.3c). The “waves” width is about 
0.5 Pm. Also “waves” have nominal cross filiform parts with 30-40 nm thickness. 
As a result of heating at 80° С both films surface morphology changes significantly (Fig.3d, 3e, 3f) – both 
fibrillar and lamellar structure disappear. On PE-1 surface the bulk and preferred double areas about1 Pm size 
appear. PE-2 film loses clear structure although it is characterised by weakly waved character.  
4. Conclusion 
Based on the presented and previously published results [3, 5, 14] we can conclude that the qualitative reason of 
the film colouring in polarised light and its significant changing after short-time heating is a fibrillar surface 
structure presence. Therefore for diagnostics of polymer films suitability for thermal recording it is enough to use 
SEM with high magnification (at least 50000x) 
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